Objectives: To investigate the relationship between head posture, hyoid bone, tongue position and lower incisor inclination. Materials and Methods: The study sample consisted of 98 subjects (35 males, 63 females), who had a mean age of 17.7 years in the permanent dentition and with a skeletal Class I relationship. Lower incisor inclination, craniovertical, craniocervical and craniohorizontal postural variables, tongue and hyoid position and airway measurements were evaluated on lateral cephalograms taken in natural head position. The study sample was divided into two groups according to lower incisor inclination (48 had IMPA<90 with a mean degree of 88.09 and 50 had IMPA>90 with a mean degree of 102.84) and a Student-t test was performed to compare and describe head posture, tongue and hyoid bone positions. Results: The subjects with upright incisors had a more posteriorly positioned hyoid bone relative to the mandibular symphysis compared with the subjects with flared incisors (p<0.05). Tongue length was greater in the flared incisor group than in the upright incisor group (p<0.05). In relation to head posture measurements, the upright incisor group had 3-3.5° larger cranio-cervical angles (NSL-OPT, NSL-CVT, NL-OPT, NL-CVT angles, p<0.05) than the flared incisor group. The airway measurements revealed no statistically significant difference between the groups. Conclusions: The position of the hyoid bone, tongue length and craniocervical head posture showed significant differences between upright and flared lower incisors.
INTRODUCTION
Increasing attention has been directed to the interaction between form and function in the craniofacial region. Craniocervical, equilibrium and normal oral function has a recorded relationship with the position of the lower incisors within the facial framework. 1, 2 The labiolingual inclination of the lower incisors contributes to facial appearance and function. In addition, lower incisor position has an important role in the development of a malocclusion, through the force effects generated by the tongue and lips, habits, occlusal forces, head and cervical posture, and hyoid bone position.
It has been shown that cervical posture is related to craniofacial morphology. 3, 4, 5 Solow and Tallgren 3 stated that extended craniocervical posture is related to increased anterior facial height, reduced sagittal jaw dimensions and a stepped inclination of the mandible. Whereas a flexed head position related to the cervical column is related to reduce facial height, larger sagittal jaw dimensions and a flattened mandibular plane. Rocabado et al. 6 indicated that a strong relationship exists between head posture and malocclusion. Solow and Sonnesen 5 showed that a factor which could affect dental arch crowding was the posture of the head in relation to the cervical column (craniocervical posture). This conclusion was a result of a soft tissue stretching hypothesis associated with an increased dorsallydirected soft tissue pressure which exists in subjects with extended craniocervical posture. Recently, Pachi et al. 7 found an association between the extended head posture and lower crowding of 2mm or more. It was also explained that this relation by the stretching of the soft tissue layer that covers the head and neck during extension. A second possible explanation for this association is possibly that the subjects with nasal airway obstruction presented reduced incisor inclinations and crowding. 8, 9 An important feature craniofacial morphology in relation to cervical posture is hyoid bone position. The supra-and infrahyoid muscles connect the hyoid bone to surrounding structures such as the tongue, the mandible, the base of the skull, the sternum, the scapula, the thyroid cartilage and the pharynx. Because of the complex attachments of the hyoid bone to neighboring anatomical structures, changes in the position may influence hyoid bone position. 10 It has been also shown that there is a significant relationship between mandibular position and hyoid bone position, particularly related to head posture changes. 11, 12 Based on the assumption that hyoid bone may, therefore, be a dependent structure on many tissues in the craniomandibular system, it is of interest to determine whether lower incisor inclination could be linked to hyoid bone position.
The tongue has the ability to affect the position of teeth and other structures. 13 Peat 14 stated that the tongue has an important role in positioning the dentoalveolar structures. Although it is attached principally to the mandible and hyoid bone 15 , the posture, size and the shape of the tongue are the main factors affecting the dentoalveolar form.
Another factor which may affect the lower incisor inclination could be the airway dimensions. A normal airway is accepted as an important factor for the spatial positioning of the craniofacial structures. The relation between airway obstruction and incisor inclination has been described by Linder-Aronson 8 and Woodside et al. 9 It has been shown that subjects with nasopharyngeal airway obstruction had greater crowding and reduced incisor inclinations compared with subjects without obstruction. In addition to that, after adenoidectomy, and with the regain of nasal respiration, an increased inclination of the incisors was observed.
The association between lower incisor crowding and head posture 7 , skeletal and symphyseal patterns 16 has been discussed, but to the best of our knowledge, no investigation has been performed evaluating the inclination of the lower incisors related to head, tongue and hyoid positions, as well as nasopharyngeal airway dimensions. Therefore, the aim of present study was to evaluate the relationship between head posture, hyoid and tongue position, airway dimensions and lower incisor inclination.
MATERIALS AND METHODS
The material of this retrospective study consisted of pretreatment lateral cephalograms of randomly selected patients treated in the Department of Orthodontics, Baskent University Istanbul Hospital. An informed consent was obtained from all the subjects. A power analysis showed that 98 subjects were sufficient for the study (α=0.05; f (effect size) =0.5; power (1-β err prob=0.80). Ninety-eight subjects were selected age 12-41 years (35 males, 63 females, with a mean age of 17.7 years) on the basis of the following criteria; complete permanent dentition (except the third molars); had good quality lateral cephalometric radiographs, no craniofacial anomalies, systemic muscle or joint disorders; no previous symptoms of upper airway obstruction; no previous orthodontic treatment; and with an ANB angle in the range of 0-4°.
The lateral cephalograms were taken using Sirona Orthopose CD Dental X-ray machine (Siemens, Germany). All lateral radiographs were taken by the same operator with the subjects in the natural head position. The cephalometric landmarks and lines used to assess the changes in lower incisor inclination, tongue, soft palate, hyoid position, and airway dimensions are shown in Table 1 and Figure 1 . Nasopharyngeal measurements were performed according to the study by Germeç-Çakan et al. 17 The intraexaminer measurement error was calculated by remeasuring randomly selected 20 radiographs after 2 weeks, and their mean differences were used to determine Pearson's correlation coefficient. A high correlation value of 0.86-0.93 was found for all angular and linear measurements. Table 1 . Cephalometric landmarks and lines used to evaluate changes in head posture, hyoid and tongue positions, pharyngeal dimensions, and lower incisor inclination. The study sample was divided into to two groups. 
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RESULTS
The 48 subjects of the flattened incisor group showed a mean IMPA of 88.09°, while 50 subjects with flared incisors had a mean IMPA of 102.84° (p<0.001). Means and standard deviations of the hyoid bone and tongue positions, pharyngeal dimensions and head posture measurements are presented in Table 2 . Table 2 also shows the differences of various parameters between the two groups. According to hyoid bone and tongue position measurements, the subjects with flattened incisors had a mean of 1.44 mm more posteriorly positioned hyoid bone relative to the mandibular symphysis than the subjects with flared incisors (p<0.05). Tongue length was found to be 1.71 mm more in the flared incisor group than flattened group (p<0.05). Concerning head posture measurements, the flattened incisor group had 3-3.5° larger craniocervical angles (NSL-OPT, NSL-CVT, NL-OPT, NL-CVT angles, p<0.05) than the flared incisor group. For the airway measurements, no statistically significant differences were found between the groups.
DISCUSSION
The positions of lower incisor teeth have been considered as a major factor in the development of a malocclusion, facial pattern and orthodontic treatment planning. According to Proffit's equilibrium theory, 18 the dentition is kept in a balanced position by its environment (peri-oral muscles, tongue, periodontal ligaments, etc.). In this theory, altering the oral environment will cause a change in the occlusion and therefore to create a stable occlusion, teeth should be placed in a position balanced by the surrounding forces. Proffit 19 revisited the theory and stated that, while the major primary factors in the dental equilibrium could be the pressures of the tongue and lips, periodontal membrane and eruption forces, the forces from the occlusion and respiratory function also influence head, jaw and tongue postures and thereby altered the "equilibrium".
For the lower incisors, equilibrium is created not only by lip and tongue pressures, but also by the craniocervical mandibular system consisting of the temporomandibular joint, cervical column and by the "hanger system" of the hyoid bone. Other basic parts of this system are the dental occlusion, the swallowing mechanism and, the muscles and ligaments that joined each. From these data the authors evaluated the relationship between the inclination of the lower incisors and the surrounding structures creating craniocervical system equilibrium.
According to the results of the present study, the position of the hyoid bone was significantly closer to the mandibular symphysis, and tongue length was increased as well as craniocervical head posture was more flexed (measured with NSL-CVT, NSL-OPT, NL-CVT, NL-OPT) in the flared incisors group than flattened lower incisors group (p<0.05).
The hyoid bone is an important part of the craniofacial complex and its position relates mandibular position adapting to anteroposterior changes in head position by means of the supraand infrahyoid muscles. 11, 20 Adamidis and Spyropoulos 21 also showed more anteriorly position of the hyoid bone in the Class III group correlated with Class I subjects. Amayeri et al. 22 argued that the hyoid bone moved backward as the mandible moved forward and; in the vertical plane, the hyoid bone position was lower position in the Class III malocclusion cases than in Class I and Class II malocclusions. Jena and Duggal 23 showed the hyoid bone was placed anteriorly in subjects with a short face. Ferraz et al. 24 mentioned no statistical significant differences in the mandible and hyoid bone position related to the respiratory pattern. According to the results of the present study, subjects with flattened lower incisors showed a more posteriorly positioned hyoid bone to the mandibular symphysis than subjects with flared lower incisors. Previously, it was argued 25 that head hyperextension was correlated with a greater distance from the hyoid bone to the mandible and to menton.
The tongue plays a role in dental and skeletal malocclusions, thus the size and position of the tongue must also be taken into consideration when planning orthodontic treatment. A short tongue length has been correlated with upright central incisors, a small overjet, a low ANB angle, impacted maxillary and mandibular teeth, and a steep occlusal plane. 26 Bandy and Hunter 27 stated that the length of the tongue has little influence on the angle between the axial inclination of the lower incisor teeth to the mandibular plane. Consistent with these studies, the results of the Lower Incisor Inclination 315 present study showed an increased tongue length in the flared lower incisor group.
According to the results of the present study, the flattened lower incisor group showed a mean of 3° to 4° larger cranio-cervical angles (NSL/CVT, NSL/OPT, NL/CVT, NL/OPT) than subjects with flared incisors (p<0.05). Extended head posture caused uprighting of the lower incisors.
Previous studies 3, 5 have found that natural head posture is related to respiratory function. Linder-Aronson 8 evaluated the dental measurements of children with mouth breathing, enlarged adenoids and obstructed upper airway, and found that the subjects showed retroclined upper and lower incisors. One year after the adenoidectomy, normalization of dental inclination was observed by the authors. Although the study groups were comprised by the subjects with no previous symptoms of the upper airway obstruction, and results showed the pharyngeal airway dimensions have not any significant differences between groups. Lower incisor inclination was still affected by craniocervical head posture. Similar to the results of the present study, an association between extended the head posture and lower arch dental crowding was shown. 7 It was proposed that another cause of this result may be a "soft tissue stretching mechanism" proposed by Solow and Kreiborg. 28 According to this theory, an extension of the craniocervical posture causes passive stretching of the soft tissue layer (skin, fascia and muscles) covering the head and neck. A dorsally directed force is created by the stretching of this soft tissue layer which affects dentofacial growth in the long term. According to the equilibrium theory, lower incisor inclinations may be retroclined by this backward guiding force, if the tongue muscle activity is not balanced.
However, if the "soft tissue stretching mechanism" is accepted, the magnitude of these forces should be discussed. Hellsing and L'Estrange 29 found a significant difference in upper and lower lip pressures between nose breathing and mouth breathing subjects. It was shown that when the head extends 5° during mouth breathing, a significant increase in upper and lower lip pressures occurred. Archer and Vig 30 studied the lip and tongue pressures in subjects with Class I and Class II dental and skeletal morphologies in the natural head position, head extension and head flexion positions. It was stated that the flexion of the head posture caused a significant decrease in the lingual pressure. In agreement with these researchers, the results of the present study indicate that the influence of head posture should be taken into account when evaluating the facial morphology and planning orthodontic treatment.
In the present study, subjects were a wide range of age of 12-41 years. Thus, there is an inherent limitation of the study as the possible effect of growing on head posture, hyoid bone and tongue position, nasopharyngeal airway dimensions and lower incisor inclination. Araújo et al. 31 studied the nasopharyngeal patency change on the respiratory function by means of rhinomanometry in individuals in different age groups. They found that children and adults had similar values in the nasopharyngeal space. Thus, the authors concluded the nasopharynx does not change with age. Abramson et al. 32 showed a proportional increase of the nasopharyngeal space to 20 years, and after a stabile period, a reduce of in size until 50 along the craniofacial growth by evaluating 1300 CT scans of healthy individuals aged 6 to 60 years. Considering the change in hyoid bone position, Matsuda et al. 33 stated hyoid bone shifted to a posterior, rotated, and lower position with increasing age in their cross sectional study using lateral cephalometric radiographs in 22 to 84 years old patient. Agelower incisor position relationship was evaluated by Linjawi's study 34 and the author argued that age-and gender-related lower incisor changes significant only in subjects with brachifacial pattern. Present study was focused head posture, hyoid bone, tongue position and lower incisor inclination instead of vertical growth pattern.
CONCLUSIONS
The results of the present study may be summarized as follows:
The hyoid bone is positioned significantly closer to the mandibular symphysis in subjects with flared lower incisors.
